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Description 

Field of Invention 

The present invention relates to an improved 
synthetic diamond product and method of making 
the same and more particularly to an improved and 
novel temperature stable diamond assembly which 
nnay be of a variety of sizes, shapes, and thick- 
ness, the diamond assembly being formed by an 
improved and novel bonding method which does 
not require the comparatively high temperatures 
and pressures normally used in the synthesis of 
synthetic diamond products thus to provide a dia- 
mond assembly which may be relatively large and 
in which the diamond, preferably in the form of a 
temperature stable synthetic poly crystalline dia- 
mond/is firmly and chemically bonded on or to a 
support structure. 

Background of the Invention 

Various types of synthetic diamond products 
are known and commercially available. Typically 
such products are used industrially for material 
removal purposes, for example, drilling products 
such as core bits, mining bits, drilling bits for oil 
and gas, saw products, cutting tools, grinding 
wheels, and products such as wire-drawing and 
extruding dies, bearing surfaces, dressers, lead 
bonding tools and abrasives. 

These synthetic diamond materials may vary 
somewhat in their character, one being an un- 
leached polycrystalline product having a tempera- 
ture stability of up to about 700-750 degrees C. 
see United States Patents 3.745,623 and 
3.608,818. This synthetic diamond product itself is 
usually formed by diamond-to-diamond bonds and 
is carried on a substrate which may be cemented 
tungsten carbide, for example. The substrate is 
usually preformed and contains cobalt, the dia- 
mond product being formed and affixed to the 
substrate at very high temperatures and pressures, 
usually referred to as the diamond stable region of 
temperature and pressure, as set forth in prior 
patents and other literature, and typically above 50 
kbar and at a temperature above about 1.200 de- 
grees C. 

In this processing the cobalt in the substrate is 
used as a binder for the tungsten carbide and as a 
solvent/catalyst for the formation of diamond-to- 
diamond bonds. The presence of cobalt results in 
somewhat limited temperature stability of the dia- 
mond as noted. It is not uncommon to refer to 
these products as polycrystalline diamond products 
(PCD) as contrasted to single crystal diamonds. 

PCD elements offer the advantage that upon 
fracture, only a relatively small fragment of the 



PCD element is lost as compared to a single 
crystal diamond in which fracture takes place along 
a plane with the possibility of losing a relatively 
large piece of the diamond. 
5 Unleached PCD elements may be formed with 

the high temperature and high pressure apparatus 
as disclosed, for example, in United States Patent 
2.941.248. PCD products thus far described are 
available in various sizes and shapes, for example 
10 circular, half-circles, quarter round, square, rectan- 
gular, half-founds with a pointed section, and the 
like. The PCD face or disc, joined to a backing 
member of tungsten carbide or the like is some- 
times mounted, by brazing, on a steel tool body or 
15 tungsten carbide slug support. The PCD materials 
may be as small as several millimeters to as large 
as 50 millimeters in diameter, see for example 
United Stales Patent Application Serial Number 
906.169 US-A-4 883 136 US-A.4 913 244, filed 
20 September 11. 1986. and assigned to the same 
assignee (CHP 6149). 

Inclusions such as cobalt, iron or nickel present 
in unleached PCD elements as residual materials 
initially used as solvents/catalysts in the synthesis 
25 of the PCD tend to reduce the temperature stability 
of the PCD to well below 1,200 degrees C, for 
example, to about 750 degrees C. 

The fabrication of the larger diameter materials 
requires rather large and expensive processing 
30 equipment capable of generating high pressures 
and temperatures. The temperatures and pressures 
are those in the diamond forming region of the 
phase diagram for carbon, see for example United 
States Patents 4,108.614 and 4.411,672. The length 
35 of the substrate or backing is a limitation since the 
processing equipment must be capable of fabricat- 
ing a diamond facing on a rather long piece which 
takes up room in the press. The result is that in at 
least one instance, the length of the backing, ax- 
40 iaily to the rear of the PCD face, is rather short and 
after formation, a longer tungsten carbide member 
or member of other material is attached to the 
formed product by any one of several well known 
procedures, and as described in United States Pat- 
45 ent 4,200,1 59, for example. 

In one typical use of these products, for exam- 
ple in oil and gas drilling bits and core bits, the 
usual practice is to form the bit body and thereafter 
to mount the PCD cutting element in the bit body, 
so The bit body may be steel and the PCD cutter is a 
slug type cutter which is press fitted into apertures 
in the bit body. These procedures are welt known. 
The difficulty with the use of steel bodies is that 
the body and/or the cutter assembly may be sub- 
55 ject to erosion by the relatively abrasive flow of the 
drilling fluid used to clean and cool the bit. Thus, 
the practice has been to hard face the steel body 
or to use a carbide slug. In the case of matrix body 
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bits which oHer erosion resistance, the practice has 
been to mount the PCD cutter, normally having an 
added backing or of a sufficiently long length integ- 
rally formed as one piece, by bracing the cutter to 
the matrix body. One of the problems associated 
with this procedure, in addition to the increased 
cost, is the desire to use a relatively high tempera- 
ture braze material and the need to keep the PCD 
face cool to prevent thermal damage (above about 
750 degrees C.) to the cutter face during the braz- 
ing operation. Even so. a large number of bits have 
been made as described by a variety of bit manu- 
facturers. 

Another commercially available form of PCD, 
sold under the mark GEOSET®. is an unbacked 
leached product, see United States Patents 
4.224.380 and 4.288.248, which has a temperature 
stability of up to 1.200 degrees C, but which may 
have a porosity of up to about 15% and may not 
be as impact resistant as desired in a particular 
application. The temperature stability of these PCD 
products offers the advantage that they can be 
processed during the infiltration of the matrix ma- 
terial used to form the bit body and may be ex- 
posed to the relatively high temperatures used 
during the infiltration procedure without degradation 
of the PCD, thus eliminating the need for brazing. 
In general, temperature stability is also an advan- 
tage in the cutting action of the PCD during use. 
For the purposes of this invention, temperature 
stability means that the PCD element, regardless of 
type, is stable to about 1.200 degrees C, without 
significant deterioration in its properties and will be 
referred to herein as TSPCD. Typical temperature 
stable leached PCD material is available under the 
trademark GEOSET®, which obtains porosity. 

Temperature stable PCD elements are known 
which are not porous and are not leached. A typical 
such material, available under the trademark SYN- 
DAX-3® is a PCD in which silicon is present in the 
form of silicon carbide. 

Significantly, the TSPCD materials are not 
commercially available as backed products, as 
contrasted to the previously described low tem- 
perature products. The TSPCD materials are avail- 
able as unbacked materials in a wide variety of 
shapes and sizes, for example, triangular, square, 
cylindrical with flat ends or pointed at one end, 
round discs, rectangular, ovoid, and the like. These 
products may also be cut to form other shapes by 
using a laser or other means. 

While temperature stability is not required in all 
uses, there are many applications in which it is 
required. Further, there are processing steps such 
as brazing in which the PCD part may be exposed 
to temperatures above 750 degrees C. In these 
instances it is necessary to cool the PCD part or to 
otherwise prevent it from being exposed to the 
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higher temperature. As a result, there are limita- 
tions in the processing of such unstable PCD pro- 
ducts which tend to limit the use thereof. 

TSPCD elements, are available in a limited 
5 range of sizes that are generally too small for 
individual use in many applications. To overcome 
this problem, TSPCD elements have been formed 
into a mosaic type of structure in which the individ- 
ual TSPCD elements are mounted and mechani- 
10 cally affixed in a support structure, e.g.. a hot- 
pressed segment or the like. 

While these mosaic structures have been op- 
erated satisfactorily and provide a large PCD cutter 
having temperature stability, the mosaic elements 
15 lack the advantages of the large one piece PCD 
cutters (up to 50 mm diameter or more) which are 
not temperature stable but which have been used 
in oil and gas drill bits and core bits. Even though 
the bits using the mosaic cutters avoid the neces- 
20 sity of having to braze the mosaic into the matrix of 
the bit. the mosaic cutters do not function as a 
large one piece PCD with the result thai the in- 
dividual mechanically mounted TSPCD elements 
can be broken free of the supporting structure. A 
25 mechanical type of mounting also limits the shape 
and size and contour of the cutter, even though the 
assembly is temperature stable. 

Another problem with mosaic cutters is that 
bending stresses tend to cause release of the 
30 mechanically mounted TSPCD elements. More- 
over, unlike a large integral brazed PCD cutter of 
the same size in which only small portions of the 
PCD are fractured off during use, the tendency in 
the mosaic cutters is to release the TSPCD ele- 
35 ments as the supporting structure around the 
TSPCD is abraded away and support for the 
TSPCD is reduced, i.e., the individual TSPCD ele- 
ment is lost rather than losing on a small fragment. 
In general there is a need for a TSPCD con- 
40 taining product in which one or more TSPCD ele- 
ments are firmly anchored or locked into or moun- 
ted on a suitable support, which optionally may be 
mounted to another structure. It is desirable to 
mount one or more of such TSPCD elements by 
45 more than merely a mechanical mounting, and 
preferably it is desired that the mounting be by a 
firm chemical bond. 

United States Patent 3.650,714 of March 21. 
1972. issued to Farkas, describes a method for 
50 coating natural single crystal diamond particles in 
the range of 74 to 58 um (200 to 250 mesh) with 
either titanium or zirconium. The coating is applied 
from dry powder, the resultant material is then 
heated in a graphite mold, under vacuum con- 
55 ditions for between 10 to 15 minutes at a tempera- 
ture in the range of 850 to 900 degrees C. The 
relatively low temperature of heating to form a 
carbide at the interface indicates that the titanium 
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or zirconium coating is quite thin. The result is said 
to be a coated diamond particle in which the coat- 
ing is about 5% by weight of the resultant product 
and in which a carbide is formed at the interface, 
with the outer surface of the coating being non- 5 
carbided. The calculated thickness of the coating is 
about 0.445 of a micrometer for 74 urn (200 mesh) 
material and 0.344 of a micrometer for 58 urn (250 
mesh) material. Since subsequent processing in an 
oxidizing atmosphere would result in the formation 10 
of an oxide which is not easily wetted by other 
materials, the coated natural diamond particles are 
overcoated with either nickel or copper with a film 
thickness of between 50.8 and 127 micrometer 
thick (between 0.002 and 0.005 of an inch). This 15 
outer coating is said to serve as a protective coat- 
ing to prevent oxidation of the titanium or zirconium 
or their carbides during subsequent processing un- 
der oxidizing conditions. The subsequent process- 
ing descrit^ed is hot or cold pressing and subse- 20 
quent sintering or infiltration with brazing alloys. 

An important difficulty with the above proce- 
dure and the resulting product is that the carbide 
containing coating is quite thin, substantially less 
than one micron, with the result that under certain 25 
types of subsequent processing such as with the 
use of liquid binders in infiltration, as for example 
in the formation of an infiltrated matrix for earth 
boring bits, the liquid binder penetrates the protec- 
tive coating and the relatively thin carbide contain- 30 
ing coating. The problem would be particularly 
acute with PCD elements since their surface is 
rather "rocky" and irregular and includes a certain 
amount of surface porosity. Thin coatings such as 
described in Farkas would contain substantial im- 35 
perfections and voids that would permit the liquid 
infiltrating binde to attack the carbide interface be- 
tween the PCD and the coating and to separate the 
coating from the PCD. In addition, the processing 
of such coated diamonds, whether PCD elements 4o 
or natural, in an oxidizing atmosphere is not prac- 
tical since any imperfection or dissolution of the 
outer nickel or copper coating, for instance by the 
action of the liquid binder, would result in the 
oxidation and destruction of the underlining 45 
titanium and titanium carbide layer. 

Also known in the prior art are products which 
might generically referred to as diamond impreg- 
nated products. Typically these products are com- 
posed of natural or synthetic diamond particles so 
which may be of a variety of mesh sizes. Whereas 
a large integral PCD element may be between 70% 
and 97% by volume of diamond material, depend- 
ing upon the processing, the amount of residual 
inclusions or porosity, the impregnated products ss 
generally have a much lower volume percent of 
diamond, typically less than 40%. The result is that 
the impregnated product performs better as an 



abrasive or cutting element than does the same 
material without the diamond grit, but the problem 
is that the small diamond particles are easily lost 
as the surrounding supporting structure is abraded 
away. To improve the retention of the diamond grit 
in the supporting structure it has been proposed to 
coat the particles of the grit with various metals 
such as tungsten, tantalum, columbium, niobium or 
molybdenum, and the like by chemical vapor depo- 
sition techniques using a fluidized bed procedure, 
see for example United States patents 3.871,840 
and 3,841.852. The products there described are 
about 25% by volume of diamond grit of particle 
size from 420 to 149 um (40 to 100 mesh) and 
represent an improved impregnated product in con- 
trast to in improved large diamond product. The 
coated diamond grit is formed into various shapes 
by a hot pressing procedure or by infiltration at an 
elevated temperature. 

Coatings have also been used to form diamond 
products as contrasted to impregnated products. 
For example. United States Patent 3.879.901 de- 
scribes the vacuum deposition of a metal such as 
molybdenum or titanium on diamond materials with 
subsequent processing at 60 kbar and between 
1.200 and 1,400 degrees C to form a diamond 
product in contrast to a diamond impregnated 
product. In another instance, see United States 
Patent 4.378.975. an abrasive body with diamond Is 
formed by forming a green body by cold pressing 
with a nickel based alloy. The green body is then 
sintered at 950 degrees C. with a diamond volume 
of between 10% and 40 % by volume. 

It is also known in the sintering of synthetic 
diamond to use a thin coating of between 30 and 
600 nm. (300 and 6.000 Angstroms) of a strong 
carbide former, with a second coating of cooper 
with subsequent processing at 5 kbar at a tempera- 
ture of 600 to 700 degrees C. in an inert at- 
mosphere, see United States Patent 3.356,473. In 
United States Patent 3.464,894 it is proposed to 
form a chemically bonded coating of titanium such 
that a titanium-carbon bond is formed followed by 
processing at a pressure of 62821 Bar (62.000 
atmospheres of pressure). 

In US-A 2 210 039 a method is disclosed in 
which a mass of diamond pieces and tungsten 
metal powder is heated substantially by itself at a 
temperature in general below 1149*C for a period 
of time sufficient to form a film or layer containing 
tungsten metal and tungsten carbide. In a further 
separate step the mass of metallic tungsten par- 
ticles and diamonds having a layer of tungsten 
metal and tungsten carbide is heated to a tempera- 
ture in the neighbourhood of 1149'C in contact 
with a brazing material such as German silver 
having a melting temperature below that tempera- 
ture so that the brazing material is caused to melt 
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and flow by capillary action into ths interstices of 
the mass to bond the whole together. This 
achieves a bond between the tungsten carbide and 
tungsten metal containing surface layer on the dia- 
monds and the particles of tungsten metal and 
between the tungsten metal particles themselves. 

In FR-A 2 169 577 an abrasive product is 
disclosed which contains different groups of abra- 
sive parttcles--a group of particles of greater hard- 
ness i.e. diamond particles, a group of other par- 
ticles selected from alumina, tungsten carbide or 
silicon carbide-which are surrounded by a metallic 
matrix of a brazing material. The diamonds and 
preferably also other abrasive particles after having 
been surface treated are covered with a layer of 
tungsten, tantal, niobium or molybdenum whereby 
the thickness of a tungsten layer on diamond is 
reported as being about 2,5 to 25 um. The covered 
and uncovered abrasive particles are granulated 
with a brazing metal powder, preferably of the 
bronze type having a melting point below 1090'C 
or powders of other brazing metals having a melt- 
ing point below 835 'C. to form little spheres or 
balls containing the abrasive grains inside and be- 
ing covered with a shell of powder. A die is filled 
with these spheres or balls, further pulverised braz- 
ing metal powder is added and by means of in- 
filtration or hot pressing the abrasive products are 
made. The brazing material is mentioned to pro- 
vide a metallurgical bond to the cover of the cov- 
ered abrasive particles. 

In general, the coating procedures of the prior 
art are related to pretreatment of diamond forming 
materials which are thereafter processed at rela- 
tively high temperatures and pressures to form a 
diamond element or to form a coating on diamond 
grit used to form an impregnated product in which 
the volume of diamond is well below about 50% by 
volume. 

The provision of improved methods for the 
fabrication of large TSPCD products, which are 
temperature stable in the range of about 1,200 
degrees C. and which may be fabricated at lower 
pressures and temperatures than have been used 
in the synthesis of diamond products, would have 
unique advantages. For example, the cost for fab- 
rication equipment is vastly reduced as well as the 
cost for each of the products. The ability to fab- 
ricate various shapes and sizes and thickness, i.e.. 
to be free of the shape and size limitations of high- 
temperature and high pressure equipment, would 
also offer advantages from a processing and ap- 
plication point of view. 

One of the significant advantages of the 
present invention is the ability to fabricate a 
TSPCD product of a particular configuration and in 
which the TSPCD starting element or elements are 
firmly anchored in place. For example, the use of a 



TSPCD structure in accordance with this invention 
in various types of cutting tools and lead bond 
tools as may be used in semiconductor chip pro- 
cessing to form electrical connections to the chip 
5 elements through accurate control and positioning 
of a heated TSPCD faced lead bond tool, or in 
diamond tracing tools, for example, offers unique 
advantages as compared to current practices. 

Thus, it is an object of this invention to provide 
w a temperature stable diamond product of various 
sizes and shapes and capable of being used in 
various products, but which is substantially less 
expensive than the diamond products currently 
available and which may be firmly bonded to a 

75 supporting structure. This object is solved by in- 
dependent claim 1. Further advantageous features 
and aspects are solved by the dependent claims. 

Another object of this invention is to provide an 
improved and novel process using relatively low 

20 temperatures and pressures for the fabrication of a 
diamond product from smaller temperature stable 
diamond elements in which the diamond product is 
temperature stable. This object is solved by the 
method of independent claim 16. Further advanta- 

25 geous features and aspects are evident from the 
dependent method claims. 

Still another aspect of this invention is the 
provision of an improved relatively low temperature 
and relatively low pressure process for the forma- 

30 tion of a temperature stable diamond product. 

Yet another aspect of this invention is the pro- 
vision of an improved temperature stable diamond 
cutting element for us In earth boring and core bits 
which is less expensive than comparable sized 

35 elements and which may be fabricated at relatively 
low temperatures and pressures into shapes and 
sizes not presently economically feasible. 

It is also an aspect of this invention to provide 
a more effective method and means of attaching a 

40 temperature stable PCD to a tool or supporting 
body. 

Another aspect of this invention is to bond 
TSPCD elements by a chemical bond so that they 
can be firmly attached to a tool body. 

45 Yet another aspect of this invention is to bond 

TSPCD elements to form a- specific pattern of 
cutting elements so that the wear mechanism, such 
as regenerating sharp cutting edges as the cutter 
wears, can be controlled. 

50 It is also an aspect of this invention to form an 

improved diamond product in which the bonded 
PCD pieces form an integral part rather than a 
collection of individual elements. 

It is also an aspect of this invention to provide 

55 a strong substrate backing to TSPCD. in which the 
properties of the backing can be adjusted to suit 
specific applications. 
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Srigf Dcscnptiori of the iov^M iion 

In accordance with the present invention, a 
temperature stable synthetic polyct7sta)tine dia- 
mond (PCD) product is provided which is fab- s 
ricated from smaller TSPCD elements by improved 
relatively low pressure and low temperature proce- 
dures. 

In general the products of the present invention 
may be formed by either liquid state infiltration or w 
solid state sintering to affix a relatively thin PCD 
element on a hard ceramic substrate. The method 
includes the common steps of coating a tempera- 
ture stable polycrystalline diamond element with a 
selected carbide former, preferably one which is is 
stable against oxidation, arranging the coated ele- 
ments in a mold in a predetermined relation with 
each other. Thereafter, a hard ceramic powder 
such as tungsten carbide powder containing an 
organic binder is placed over and around the as- 20 
sembled coated TSPCD elements. The powder is 
preferably monosized. 

The resulting assembly is cold pressed to 
compact the powder to about 50 volume percent. 
The thus pressed assembly is optionally cold 25 
isostatic pressed to increase the volume percent- 
age of the powder to about 60-65%. The cold 
isostatic pressed part has sufficient integrity to be 
handled and machined, if that is needed. 

Thereafter if liquid state infiltration is used, the 30 
formed part is first heated to vaporize off the or- 
ganic binder and then infiltrated preferably in a 
vacuum or under inert or reducing atmosphere with 
a metal binder which melts and fills the voids and 
binds it together. 

The metal binder is preferably one which has a 
melting point within the temperature stable range of 
the TSPCD and which possesses strength and 
toughness. In this operation, the coated TSPCD 
elements are bonded together into a unitary as- 4o 
sembly of a TSPCD. The infiltration is carried out 
at a temperature below the thermal degradation 
temperature of the TSPCD elements, above the 
melting point of the binder, and below the melting 
point of the metal of the coating. The heating is 45 
controlled to promote formation of a relatively thin 
carbide layer on that portion of the surface of the 
TSPCD which has been coated by the carbide 
former. During the controlled heating, under car- 
bide forming conditions, carbon diffuses from the 50 
PCD into the coating to form a carbide. 

During the heating, it is believed that the tem- 
perature used to form the carbide is more impor- 
tant than the rate of heating. The evidence sug- 
gests, in the case of a tungsten coating for exam- 55 
pie, that the coating on the diamond can form a 
carbide above about 950 degrees C.and preferably 
at about 1,100 degrees C. no matter how fast the 



heating is conducted. Thus, heating at 1.100 de- 
grees C. for about 15 minutes is normally suffi- 
cient. A longer time of heating at 1,100 degrees C. 
can increase the thickness of the carbide, but in 
general longer heating periods at high tempera- 
tures may damage the diamond because of too 
much carbide formation and results in an ineffec- 
tive chemical bond being formed. If the heating is 
excessive, the result is that more and more of the 
carbon from the TSPCD diffuses into the coating 
with possible damage to the PCD. Thus, while the 
dimension of the thickness of the coating of the 
carbide forming metal may vary within wide limits, 
the dimension of the carbide coating, for a single 
coating which is stable against oxidation, such as 
tungsten, should be in the range of between 1 and 
10 um. 

The resulting product of the invention has a 
chemical bond from the TSPCD to the coating to 
the matrix carrier. The term "matrix carrier" as 
used herein describes the powder and binder ma- 
terial which is placed around or in contact with the 
TSPCD element or elements and which is pro- 
cessed in accordance with this disclosure. 

A solid state sintering operation (also referred 
to as tungsten powder activated sintering) may also 
be used to bind the TSPCD element to the matrix 
carrier. This operation Involves vacuum sintering or 
sintering in a controlled atmosphere or hot pressing 
or hot isostatic pressing of the cold pressed part. If 
processed by solid state sintering, the materials 
used for coating and for the backing and the like 
have to be adjusted to reflect the different but 
related processing. Here again, if the formation of 
the carbide layer is simultaneous with the sintering 
operation, the heating is such that a relatively thin 
carbide layer is formed. Since this form of process- 
ing does not use a binder for matrix carrier forma- 
tion, a portion of the coating wets the powder and 
bonds to the powder during sintering, again for- 
ming the chemical bond described. 

Various shapes and sizes may be formed in 
accordance with the present invention, and the 
testing thereof indicates that the bond between 
adjacent TSPCD elements is stronger than that 
which may be achieved through merely mechanical 
mounting of the TSPCD part or parts in a support 
matrix carrier. 

The methods described above permit the for- 
mation of a wide variety of shaped cutting ele- 
ments for use in various cutting and abrading de- 
vices. Large and shaped diamond bearings may be 
fabricated. The larger or shaped TSPCD product of 
this invention may be processed with a backing or 
supporting element of a variety of shapes and 
configurations and compositions. Relative thick and 
shaped TSPCD products may be fabricated at rela- 
tively low pressures and temperatures. In general. 
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however, the principal advantage of this invention is 
the ability to provide a TSPCD structure in which 
one or nnore TSPCD elements are firnnty anchored 
in a support structure by a bond which is signifi- 
cantly stronger than a mere mechanical mounting. 5 

Brief Description of the Drawings 

Figure 1 is a flow chart depicting the steps in 
formation of a TSPCD product in accordance w 
with the present invention; 
Figure 2 is a plan view of one form of a TSPCD 
product in accordance with the present inven- 
tion; 

Figure 3 is a side view as seen along the line 3- 15 
3 of Figure 2; 

Figure 4 is an enlarged fragmentary view illus- 
trating she bonding path between adjacent 
TSPCD elements in accordance with this inven- 
tion; 

Figure 5 is a view in perspective of a TSPCD 
product having a single TSPCD element in ac- 
cordance with this invention; 
Figure 6 is a plan view of one form of bearing in 
accordance with this invention; 25 
Figure 6a is a sectional view taken along the line 
6a-6a of Figure 6; 

Figure 7 is a view in perspective of a dressing 

tool in accordance with the present invention; 

Figure 8 is a plan view of a saw blade segment 30 

in accordance with this invention; 

Figure 8a is a sectional view as seen along the 

line 8a-8a of Figure 8; 

Figure 9 is a sectional view of a lead bonding 
tool in accordance with this invention; 35 
Figure 10 is a plan view of a TSPCD product in 
accordance with this invention in which a mul- 
tiplicity of individual elements are bonded to- 
gether into a larger TSPCD structure; 
Figure 1 1 is a perspective view of another form 4o 
of TSPCD product in accordance with this inven- 
tion; 

Figure 1 1 a is a view, partly in section and partly 
in elevation. Illustrating the mounting and use of 
the product illustrated in Figure 11; 45 
Figures 12a to 12d are diagrammatic views of 
various structures and the test protocol for three 
point testing; 

Figure 13 is a view in perspective of another 
form of TSPCD product in accordance with this so 
invention; 

Figure 13a is a view similar to that of Figure 13 
but illustrating a modified form of product in 
accordance with this invention; 

Figure 14 is a view in section illustrating still 55 
another form of product in accordance with this 
invention; 



Figure 15 is a view, in perspective, of a twist 
drill in accordance with the present invention; 
Figure 16 is a view in perspective of still another 
product in accordance with this invention; 
Figure 1 7 is a perspective view of one form of 
earth boring bit in accordance with this inven- 
tion, and 

Figure 18 is an enlarged fragmentary view of the 
cutters illustrated in Figure 17 and produced in 
accordance with this invention. 

Detailed Description of the Invention 

In accordance with this invention the starting 
diamond material is preferably a temperature sta- 
ble polycrystalline diamond material composed of 
aggregate diamond particles having a size in the 
range of submicron to over 100 urn. for example, 
although the particle sizes need not be uniform; 
i.e., mixtures of particles of the sizes indicated may 
be used as is known in the art. The TSPCD should 
contain at least 60% by volume of diamond ag- 
gregates, as described, and the product may be 
leached or unleached with some diamond to dia- 
mond bonding or diamond to metal bonding in the 
assembly. For products to be used in cutting or 
abrasive operations where the surface finish of the 
cut or abraded part is important, it is preferred that 
the smaller particles of diamond be used, for ex- 
ample, below about 15 um. By way of example, 
wire drawing dies may require smaller particle 
sizes in order to provide a certain surface finish on 
the drawn wire product. 

The TSPCD element may be as small as 250 
um., (i.e., 10 mils) on an edge and as large as one 
carat or more. It is preferred that the edge length of 
the starting TSPCD be above 1,000 um. (i.e., one 
millimeter) since pieces of this size are easier to 
manipulate or handle. Typically. TSPCD elements 
of a size of three pieces per carat (0.165 of an inch 
per side triangles) are easily handled. 

In some instances the smaller particle sizes of 
TSPCD material below 250 um, may be used as a 
grit in the material used to bind the larger TSPCD 
elements described in order to provide an impreg- 
nated support or to increase the amount of dia- 
mond material between adjacent larger TSPCD ele- 
ments. 

It is preferred that the TSPCD starting material 
be of a regular geometrical shape which may be 
any of the shapes already mentioned. The principal 
reason for a fixed and known geometrical shape is 
that it vastly simplifies the arrangement of the 
TSPCD elements in the desired relationship for 
processing and thus offers maximum control of 
placement, spacing and overall configuration and 
content of the final part. Since one of the advan- 
tages of the present invention is the ability to form 
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large TSPCO structures, it is aiso preferred that the 
geometrical shape be such that the TSPCD starting 
elements have side surfaces or faces which can be 
positioned in a close and controlled spacing to an 
adjacent TSPCD element, e.g.. triangular, square, s 
rectangular and the like, it being understood, as will 
be discussed in detail, that a TSPCD structure may 
include TSPCD elements of different geometrical 
configurations. 

In the processing in accordance with this in- ;o 
vention, as diagrammatically illustrated in the flow 
chart of Figure 1. the starting TSPCD material 10 is 
preferably cleaned by heating in hydrogen at about 
800 to 1,000 degrees C. for about 10 to 60 minutes 
as indicated at 12. Other cleaning procedures may is 
be used provided they are effective to remove 
oxidants and other surface contaminants. There- 
after the cleaned TSPCD material is surface coated 
with a metal by any one of several known proce- 
dures. 

20 

Such a coating procedure is chemical vapor 
deposition by which a metal compound such as a 
chloride or a fluoride is heated to decompose the 
compound to form a mist of the metal which then 
deposits on the TSPCD material. 25 

Besides tungsten, there may t^e used any met- 
als of the Group IVA. VA, VIA. VIIA metals and 
alloys and mixtures thereof and silicon, such as 
tantalum, molybdenum, titanium, niobium, vanadi- 
um, zirconium, manganese. molybde- 30 
num/manganese. or tungsten/manganese. As a 
class, these materials have a melting point higher 
than the temperatures used in subsequent process- 
ing and are strong carbide formers and form a 
strong bond to the diamond. Metals of Group VIIIA, 35 
such as cobalt, iron and nickel are less preferable 
because of the tendency to weaken the TSPCD by 
back conversion of the diamond or possibly by 
other means. Zirconium and titanium have been 
observed to have a volume expansion in response 4o 
to elevated temperatures which is more than that of 
diamond but less than that of cobalt and iron. 

For chemical vapor deposition one may use 
the hexahalides. tetrahalides, pentahaiides, e.g.. the 
hexa-. tetra- and penta- forms of the bromides. 45 
chlorides, fluorides of the metals mentioned. The 
thickness of the coating on the TSPCD may vary 
from 1 to 10 um. 

The application of the coating does not nec- 
essarily result in a chemical bond to the TSPCD at 50 
this point in the processing. As near as has been 
determined, the processing temperature used in 
chemical vapor deposition is not sufficiently high to 
form a chemical bond as indicated by the essential 
absence of any diffused carbon into the metal of 55 
the coating and the absence of any metal of the 
coating being diffused into the TSPCD. While it is 
believed that the coating is essentially uniform in 



dimension and essentially covers the entire outer 
exposed surface of the TSPCD. it is not essential 
to form a continuous coating. In the case of porous 
leached TSPCD elements, the coating should be 
thick enough to bridge over the pores in the 
TSPCD surface so that it is effectively coated with 
the metal. 

An important advantage of this invention is the 
ability to form a backing or supporting structure for 
the TSPCD elements of widely varying configura- 
tion and composition. The backing is formed in situ 
as the TSPCD elements are bonded chemically 
together and to the support structure. 

To assist in handling, it is preferred to com- 
press the powder and the TSPCD elements in an 
axial compression operation. Ultimately the backing 
or support structure will achieve a volume percent- 
age of metal or metal carbide or abrasive particle 
(e.g.. carbides) which is in the range of 40% to 
80%. Optionally, the compacted structure may be 
further compressed by isostatic pressing in which 
the volume percentage is increased to about 60% 
to 90%. If the structure is to be sintered, isostatic 
pressing is preferred. 

The hard ceramic powders used to form' the 
matrix carrier may be metal carbide such as tung- 
sten carbide, titanium carbide, tantalum carbide, 
molybdenum carbide, and cemented tungsten car- 
bide (tungsten carbide cemented with cobalt). 

The particular powder used and the particle 
size or sizes is related to the desired volume 
percent of the matrix powder, the final product 
which in turn is related to the hardness (rigidity) 
and impact resistance (toughness) of the backing 
or support structure. Also a consideration is the 
type of processing, e.g., liquid state infiltration or 
solid state sintering. 

In the case of liquid state infiltration, the hard 
ceramic powder, for example tungsten carbide, has 
a particle size which is typically., below 44 um 
(Standard), (below 325 mesh (Tyler)), for example 
30 um. The size distribution and the percentage 
distribution may vary depending upon the supplier. 
However, the size may also be varied. For example 
the same packing efficiency may be obtained by 
appropriate selection of particle sizes, e.g.. 30 um. 
and 6 um. in a ratio of 70% to 30%. 

In the case of solid state sintering, for example 
using a tungsten powder, the powder particles are 
preferably coated with a metal such as nickel, for 
example 0,35 weight percent. This may be done by 
mixing tungsten powder of a particle size of 0.5 um 
with a solution of nickel nitrate in alcohol, followed 
by heating at about 90 degrees C to evaporate the 
alcohol with the result that the nickel nitrate is 
deposited on the tungsten powder. The nickel ni- 
trate coated tungsten powder was then heated at 
800 degrees C for 3 hours in a reducing atmo- 
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sphere (hydrogen) to eliminate the nitrate. The 
processed tungsten powder was then ball milled for 
24 hours using tungsten rods as the milling media 
and then sieved and screened to 74 um (200 
mesh). The purpose of the nickel, as will be de- s 
scribed, is to act as a diffusion activator for the 
tungsten. Other binder materials which may be 
used are tantalum, molybdenum, and nickel based 
alloys, copper-nickel alloys and cobalt based al- 
loys. 

In either liquid state infiltration or solid state 
sintering, the appropriate powder of the appropriate 
particle size or sizes is mixed with a temporary 
binder material which is preferably an organic ma- 
terial as indicated at 15. The temporary binder is 15 
used to coat the powder material to form a tem- 
porary adhesive bond between the powder par- 
ticles during the initial compression step. Since this 
temporary binder remains in the processed product 
through the cold isostatic pressing operation, it 20 
should preferably be a material which is present in 
a relatively low volume percentage. If ths volume 
percentage of the temporary binder needed to 
achieve a temporary bond is loo high, this may 
affect the volume percentage of the powder in the 25 
final product, i.e. too great an amount of the tem- 
porary binder may prevent the achievement of 
higher powder volume percentages. Various or- 
ganic polymeric or resinous binders which are easi- 
ly volatilized at elevated temperature may be used. 30 

It is also desirable to use a lubricant which 
may be volatilized completely at elevated tempera- 
tures in order to facilitate powder movement during 
the various pressing operations, especially the op- 
tional cold isostatic pressing operation. One such 35 
material is mineral oil which may also be dissolved 
with the temporary binder to coat the powder. 

The powder is dispersed into the solution of 
the temporary binder and lubricant and the binder 
and lubricant coat the powder which is then dried 4o 
and reground into a powder. Other coating proce- 
dures may be used as is known in the art. 

The next step in the sequence, as indicated at 
20, is to arrange the coated TSPCD elements in 
the desired relationship as needed to form a prod- 45 
uct. If the product is to contain multiple TSPCD 
elements it is preferred to use a template or die 
configured to position the TSPCD elements with 
respect to each other. The spacing between adja- 
cent TSPCD elements may vary widely, depending so 
upon the configuration and nature of the final prod- 
uct. Where the part includes multiple TSPCD 
pieces, the side faces of the TSPCD elements may 
be spaced from each other to provide a gap of 
from about less than 25 to 12500 um (1 mil to 500 55 
mils) and preferably in the range of 150 to 750 um, 
(6 to about 30 mils), by way of example. There- 
after, the processed powder is placed in the gaps 



between the adjacent TSPCD pieces and filled in in 
contact with the surfaces of the TSPCD elements. 

In some instances it is not necessary to form a 
gap as described since the TSPCD may be assem- 
bled with adjacent surface portions in contact with 
each other. In this instance, where liquid state 
infiltration is used, the binder penetrates between 
the TSPCD elements and chemically bonds the 
adjacent coated TSPCD elements together. Such a 
butting arrangement of the TSPCD's may be used 
where erosion is not a potential problem, e.g., in 
bearings, saw blades and wire dies and the like, for 
example. Where erosion is likely to be a problem, 
such as exposure to relatively high velocity flow or 
the use of abrasive materials, the use of a gap in 
which powder is present is preferred for erosion 
resistance. 

The thus assembled TSPCD-powder temporary 
assembly is then assembled into a pressure die of 
suitable configuration which preferably defines the 
outside contour of the finished part. One manner of 
carrying this out Is to use an open ended die. 
invert the die and move the temporary assembly of 
TSPCD elements up into the bottom of the die. re- 
invert the die right side up so that the assembly is 
in the bottom of the die and then add the pro- 
cessed powder material to the required volume. 
The amount of powder added is related to the 
thickness of the support or backing and the volume 
percentage of the metal in the final product. 

The assembled material is then axially cold 
compressed in the die, as indicated at 22, at a 
pressure of between 7.03 to 21.09 kg/mm^ (10,000 
psi and 30,000 psi) to increase the tungsten car- 
bide packing density to about 50 to 65 volume 
percent. As a result of this processing, a com- 
pacted intermediate is formed which is fragile but 
stilt capable of being handled with care. As another 
example, if the subsequent processing is solid 
state sintering, pressures around 7.03 kg/mm^ 
(10,000 psi) may be used and the resultant product 
has a packing density of about 50 volume percent. 

An additional step in the processing is the cold 
isostatic pressing operation, as shown at 24, in 
which the compacted intermediate is isostatically 
cold pressed at a pressure of up to about 21.09 
kg/mm2 (30.000 psi) for five minutes or longer, for 
example. The isostatic pressing typically achieves 
a tungsten carbide packing density of about 62 
volume percent. In the case of tungsten powder in 
solid state sintering, the density is about 65 volume 
percent. During this operation, the tungsten or the 
carbide powders are moved and compacted uni- 
formly to a more dense product. 

At this point in the processing, two alternate 
processing routes are available, as indicated in the 
dotted lines of Figure 1, liquid state infiltration, as 
seen at 26 or solid state sintering as seen at 28. 
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In the case of solid state sintering, the product 
of the isostatic pressing is sintered in a vacuum 
furnace at 1.33*10-5 mbar (10 to the minus 5 torr). 
at 1,200 degrees C for about 1 hour. The result is a 
sintered product having a density of about 90 vol- s 
ume percent. The finished product indicates a 
bond between the tungsten material with the tung- 
sten coating on the TSPCD, i.e., a tungsten-tung- 
sten meta! bond. The nickel or other activator is 
used to promote diffusion and metallurgical bond- w 
ing. The mechanical properties of this bond are 
quite strong, and the finished product, although 
somewhat brittle is quite useable. 

There are, however, some limitations of solid 
state sintering. For example, the limitation of sinter- 15 
ing at a temperature below 1,200 degrees C ren- 
ders it difficult to find a material with high strength 
and high modulus. Even if the high modulus ma- 
terials can be sintered below about 1 .200 degrees 
C, as by activation sintering, the sintered product 20 
may contain 5% or more porosity which may act 
as pre-existing cracks. While this may not be a 
problem in some cases, it is a consideration where 
the finished part is in a part which is subject to 
relatively high impact loads, e.g. a drill bit for 25 
example. 

In those instances in which the bonded TSPCD 
product is to be mounted to a high modulus back- 
ing, the processing may involve two thermal cycles 
to bond the TSPCD product to a tungsten carbide 30 
back-up element. While effective, the processing 
steps increase the costs. 

Even though these problems exist, the advan- 
tage of this form of processing is the ability to 
provide a high strength, low thermal expansion 35 
material to bond the TSPCD together. There are 
known ductile materials which may be added to the 
powder or the binder in accordance with this inven- 
tion to decrease the brittleness of the sintered 
matrix carrier. ^ 

It is preferred to use liquid phase infiltration as 
the last process step. In this processing, the prod- 
uct from the isostatic pressing operation is heated 
to cause a metal binder to flow through the com- 
pacted powder and bind it together and to the 45 
TSPCD elements. 

Regardless of the type of processing as herein 
described, the hard ceramic powder in the matrix 
carrier can be of relatively high volume percentage, 
e.g., above 50% and up to 90% by volume. The so 
provision of a relatively high density final product, 
which is formed in situ at relatively low pressures 
and temperatures and which is temperature stable 
to about 1,200 degrees C. offers advantages not 
heretofore obtained. 55 

The metal binder material should be one which 
in a liquid state can wet the coating on the TSPCD 
and the hard ceramic powder particles. It is also 



preferred that the binder metal have good mechani- 
cal properties such as ductility and strength. Typi- 
cal such binders are copper or nickel based braz- 
ing alloys, copper-tin-manganese-nickel alloys, the 
latter being the preferred binder material. 

The processing at>ove described, as already 
noted may be used to form a wide variety of 
products which are characterized as having a 
strong chemical bond between the coating and the 
TSPCD and between the coating and the support- 
ing structure. It is this chemical bonding which 
provides the significant strength over that which 
can be achieved by merely a mechanical gripping 
of the TSPCD. The advantage of this invention is 
that the TSPCD elements or element are effectively 
locked in or on a support structure to provide a 
TSPCD cutting element as contrasted to the prior 
temperature sensitive supported TSPCD elements 
commercially available. 

Referring to the drawings which illustrate pre- 
ferred forms of the present invention. Figure 2 
illustrates a TSPCD product 30 which includes six 
(6) of initially separate TSPCD elements 31a to 31f 
of generally triangular shape. The TSPCD elements 
may be bonded together in or on a support struc- 
ture 32. see also Figure 3, which may be an 
infiltrated or sintered powdered material. The sup- 
port structure may be of various dimensions and of 
various axial lengths, as indicated by the break line 
33. 

As seen in Figures 2 and 3. the TSPCD ele- 
ments include at least one side face 34a which 
may be positioned adjacent to but spaced a small 
distance from the side face 34b of the adjacent 
TSPCD element. The distance between adjacent 
TSPCD elements, referred to as the gap and illus- 
trated as 35 in Figure 3, may be of the dimensions 
previously indicated. 

Referring to Figure 4, for example, the gap 35 
is illustrated with reference to its condition after 
cold isostatic pressing and before further process- 
ing. Each of the TSPCD elements 37 and 38 in- 
cludes the coating 37a and 38a, respectively, the 
TSPCD elements being spaced from each other by 
the gap width. Between the coated surfaces is the 
powder material 40 such that the gap is TSPCD 
face-coating-powder-coating-TSPCD face. In sub- 
sequent processing, a strong chemical bond is 
formed from the TSPCD face through the coating, 
through the powder, through the coating of the 
adjacent TSPCD face and to the adjacent TSPCD. 

Again referring to Figures 2 and 3, in the 
resulting TSPCD product 30. essentially all sur- 
faces of the TSPCD elements, save one, are in 
contact with bonded support material, i.e.. there is 
material on the bottom face 41 and peripherally 
around the outer faces, as indicated at 42 and in 
the gap 35. while one face 44 is exposed. This 
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form provides the optimum bonding of the TSPCO 
elements together. This product may be assembled 
to a bit body during infiltration of the bit to form the 
matrix bit body. 

The form or TSPCD product in accordance s 
with this invention shown diagrammatically in Fig- 
ure 5 illustrates that not all of the faces need be 
fully in contact and bonded to the support element. 
Here a triangular TSPCD element 50 includes side 
faces 50a. 50b and 50c which are only partially w 
beneath the top surface 52 of the support structure 
53 shown as triangular for purposes of illustration. 
Due to the strong chemical bonding between the 
TSPCD and the support structure, it is possible to 
expose a substantial portion of the large flat face 75 
50d of the TSPCD while the body of the TSPCD is 
substantially above the support body. Thus, for 
example it is possible in accordance with this in- 
vention to form large bearings from smaller TSPCD 
elements. 

Referring to Figures 6 and 6a, for example, a 
TSPCD product 60 is illustrated which may be 
used as a bearing or the like. This form of product 
also illustrates that TSPCD elements of different 
geometrical shapes may be used to form a useful 25 
TSPCD products. In this form. TSPCD elements 61 
and 63 are half circular disks while TSPCD element 
64 is square, although it may also be rectangular. 
The TSPCD elements are bonded to a support 65 
of metal powder processed as already described 30 
with gaps 66a and 66b between adjacent elements. 
As illustrated the gaps, however, are not filled with 
nnatrix carrier materia! thus effectively providing 
channels between the spaced and facing exposed 
side faces 61f-64f and 64g-63f. the elements 61. 63 35 
and 64 being positioned such that a substantial 
portion is exposed as noted with reference to Fig- 
ure 5, When used as a bearing, the channels may 
provide for flow of cooling or lubricating fluid, if 
desired. If channels are not needed, the gaps may 4o 
be substantially filled as illustrated in Figure 3. i.e.. 
the surface of the support is even with the top 
surface of the TSPCD elements. 

Not all of the side faces need be in contact 
with and bonded to the support material. Thus, for 45 
example as illustrated in Figure 7, a single point 
dressing tool 70 is shown which includes a TSPCD 
element 72 mounted on and bonded to a support 
74 such that one face 72a is fully contacted by the 
support material which effectively forms a shoulder 50 
76 to the rear of the element 72. Faces 72b and 
72c are fully exposed while the bottom surface is 
bonded to the support. While element 72 is in- 
dicated as triangular, it may be other shapes such 
as square, rectangular, semi-circular or circular, for 55 
example. 

The ability to bond a TSPCD element firmly in 
a support structure permits the fabrication of 



unique cutting and abrading products. For example. 
Figures 8 and 8a illustrate an improved saw blade 
segment 80 composed of a plurality of TSPCO 
elements 81a through 81k, bonded to a support 
structure 83. In the form illustrated, the TSPCD 
elements are circular in shape although other geo- 
metrical shapes may be used. Circular shapes, 
however, have the advantage of providing a rela- 
tively targe surface area for firmly bonding the 
elements to the support structure. The diameter of 
the elements may be in the range of one millimeter 
or larger depending upon the use of the segment. 
In prior segments, they were either impregnated 
with diamond dust or used spherical natural dia- 
monds. In the either case as the supporting matrix 
carrier was worn due to use. the diamond material 
was lost due to loss of supporting structure. This 
problem is largely overcome by the present inven- 
tion since the TSPCD elements are firmly chemi- 
cally bonded over a comparatively large surface 
area. 

The TSPCD elements are preferably arranged 
in a redundant pattern such that elements 81 e 
through 81 g are to the rear and in the space 
between the adjacent lead elements 81a-81d, with 
elements 81h-81k oriented in the spaces between 
81e-81g. Thus, for example if the thickness of the 
elements is equal to or greater than the gap dimen- 
sion t>etween adjacent side-by-side elements 81a- 
81 d, the entire face of the cut in the workpiece is 
traversed by at least one cutter. The redundancy 
may be two or more, that is. additional elements 
may l>e arranged to provide added redundancy as 
may be needed. 

As illustrated in Figure 8a, each element 81a- 
81k includes an exposed arcuate cutting face, for 
example 81 aa. 81 ee and 81 hh extending above the 
surface 84 of the support 83, with a substantial 
portion of each element firmly and chemically bon- 
ded to the support. As the segment wears in use. 
the elements are retained to a much greater de- 
gree than the prior diamond cutting segments. 
While circular elements have been described, one 
may use a half-circle or quarter-round TSPCD ele- 
ments, preferably mounted such that the curved 
peripheral surface is exposed to form the leading 
cutting edge. Such materials are commercially 
available or may be cut off a cylindrical TSPCD 
part to the desired thickness. 

The ability to anchor and firmly bond a TSPCD 
element to a support structure permits the fabrica- 
tion of a wide variety of cutting and abrading tools. 
It also permits the fabrication of products that are 
other than abrading or cutting tools, such as bear- 
ings, as described and, for example, a lead bond- 
ing tool. Heretofore, lead bonding tools have been 
made of a single crystal diamond cut to a precise 
shape and dimension with a flat working face. Typi- 
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cally these tools are used to bond lead elements to 
solid state chips and the like by being brought into 
contact with the chip and bonding the leads in a 
precise and exact location to the chip through heat 
and pressure. Normally the temperature is about 5 
500 degrees C. and natural diamonds are able to 
withstand this temperature. However, it is difficult to 
support these natural diamonds in a support struc- 
ture and if they move even slightly relative to the 
support structure, problems may be encountered in 70 
their use since the bonding operation is a precision 
operation. In accordance with this invention, an 
improved lead bonding tool is provided which is 
firmly anchored in a support structure and which is 
temperature stable. ,5 

Referring to Figure 9 an improved lead bond- 
ing tool 90 is illustrated and includes a TSPCD 
element 92 bonded to a support structure 94. the 
latter being metallic and including an aperture 95 
therein for a heater and including a shank 96 for 20 
mounting in the lead bonding machine. The sup- 
port usually includes a cylindrical section 97 having 
a frusto-conical end 98 with the element 92 moun- 
ted at the tip of the end 98. The element 92 
includes a working face 99 which projects beyond 25 
the end 98 and which is of a precise flatness and 
face dimension, i.e.. length and width. The face 
contour may be square or rectangular, or any other 
shape, as may be desired. Heat may be applied to 
heat the element in a conventional manner nor- 30 
mally used to heat the lead bonding tool. In use the 
tool is subject to vibration and heat which requires 
that the element be firmly and accurately mounted 
and maintained in that accurate mounting during 
use. By the present invention, the TSPCD element 35 
92 may be chemically bonded to the support struc- 
ture which may be the support 94 or a separate 
insert to be received in the support. The advantage 
of this invention is that a TSPCD element may be 
used which may be relatively easily affixed to a 4o 
support structure. 

Thus, for example, the element 92 may be 
shaped to the precise required length and width 
dimensions and In situ bonded to a support struc- 
ture. If the support structure is the support 94, the 45 
face of the TSPCD may be precision ground to the 
desired flatness such that the plane of the face 99 
is referenced to the support structure, an operation 
which is difficult to achieve with single crystal dia- 
monds. It is also possible to form a lead bonding 50 
tool by formation of a TSPCD support structure 
which is then assembled to the body 94. rather 
than forming the entire assembly as herein de- 
scribed. 

One aspect of this invention is the ability to 55 
form a TSPCD product of virtually any shape or 
size from smaller TSPCD elements. The TSPCD 
product illustrated in Figure 10 is an example. 



There a large TSPCD product 100 is composed of 
a multiplicity of triangular TSPCD elements 101 in 
a TSPCD part which is essentially circular in overall 
shape, although it may be of any shape. In the 
form illustrated, there is a surrounding portion 105 
of tungsten carbide, for example. The tungsten 
carbide may be of 70 volume percent tungsten 
carbide By way of example, the part may be 50 
mm in diameter and is useful as a cutter for oil and 
gas drill and core bits. 

Figure 11 illustrates another TSPCD product 
110 in accordance with this invention composed of 
a plurality of TSPCD elements 112 illustrated as 
being triangular pieces which may be for instance 
3 per carat or 1 per carat. The elements 112 are 
bonded together and to a support 115 such as 
tungsten carbide by any of the methods already 
described, so as to form a unitary structure in 
which the previously separate elements are chemi- 
cally bonded together and to the tungsten carbide 
and to the tungsten carbide backing 115. It is 
understood that the backing may be any of the 
carbide materials already described. 

The form of the invention illustrated in Figure 
11 illustrates the variety of TSPCD products that 
may be fabricated in accordance with this inven- 
tion. This particular structure provides for a plurality 
of cutting elements 112a and b. 112c and d. and 
112e and f. which form pairs which together pro- 
vide a series of cutting points 116, 1 17 and 118. In 
use in a bit, as shown in Figure 11a, the cutting 
product 110 may be mounted directly into the body 
matrix during body matrix infiltration or formation. 
In this form, there is a back support 121 provided 
which contacts the backing 1 1 5. the cutting direc- 
tion being indicated by the arrow 123. The tung- 
sten carbide backing 115 provides for increased 
impact strength. 

The cutting product 1 1 0 is exposed such that 
at least one top row of elements 112a-112f are 
essentially fully exposed. In use as the top row of 
cutters wear, new cutting surfaces are regenerated 
from the cutter elements below the top row. This 
product also illustrates the fact that adjacent ele- 
ments include at least one side surface which is 
located adjacent to the adjoining piece, the spacing 
being as already descrit>ed. 

To improve the cutter pertormance in terms of 
regenerating cutter edges and points, the amount 
of matrix carrier between adjacent TSPCD ele- 
ments may be reduced in cross-sectional thickness 
in order to provide controlled weakness planes in 
the cutter structure thereby providing for fracture of 
the cutter along predetermined planes of fracture. 
In this way as the loading on a cutter region 
increases, the cutter is broken out of the support to 
provide a new cutter element. Since earth boring, 
in part, relies upon a kerfing type of cutting, the 
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formation of an uneven overall cutting surface gen- 
erally tends to improve the cutting action in certain 
types of formations. 

As already noted, the products of the present 
invention are much stronger than products pre- 5 
viously described as mechanical mosaic structures. 
Referring to Figures 12a to 12d. Figure 12a illus- 
trates diagrammatically a three point bending test 
in which loads are applied to a part 130 in one 
direction as indicated by the arrows 131 and 132 io 
and a load is applied in another direction as in- 
dicated by the arrow 133. The force necessary to 
bring about fracture through the joint 135 or 
through the joined parts 136 is measured and ex- 
pressed in terms of kg/mm^ (pounds per square is 
inch) to failure. 

Figure 12b illustrates a TSPCD part 140 in 
accordance with this invention made up of triangu- 
lar TSPCD elements 141 joined together as in- 
dicated at the joints 142 by the methods already 20 
described. The part 140 was processed by sinter- 
ing tungsten coated 3 per carat TSPCD elements 
with tungsten powder which had been compressed 
to a volume percentage of 90%. In the three point 
test, the failure mode was in the joint between 25 
adjacent elements, as indicated at 145. The load to 
failure was 14.77 kg/mm^ (21,000 psi). 

Figure 12c is similar in structure to that of 
Figure 12b, but the part 150 was formed from 
tungsten coated 3 per carat TSPCD elements 30 
which were liquid state infiltrated with tungsten 
carbide using a copper binder, as described, and 
processed as described. In the three point test, the 
failure mode was through the TSPCD as indicated 
at 155 and the load to failure was 18.28 kg/mm^ 35 
(26.000 psi). 

Figure 12d illustrates a mechanical mosaic 
structure 160 which is essentially the same as 150, 
but in which the TSPCD elements were not coated 
and in which the part was processed using conven- 4o 
tional infiltration techniques with the same tungsten 
carbide and binder used to form the part 150. In 
the three point test, the failure was through the 
joint, as indicated at 165, and the load to failure 
was zero psi. ^5 

The relatively high strength of the bonded joint 
between the TSPCD and the supporting structure 
permits wide variation in the types of products in 
accordance with this invention. One of the advan- 
tages is the ability to provide a TSPCD element 50 
which is securely bonded to a support structure. 
Referring to Figure 13, there is illustrated a product 
170 which includes a TSPCD element 172 firmly 
secured to a tungsten carbide support element 
174. While the product 170 superficially resembles 55 
the appearance of a STRATAPAX® brand cutter, it 
is vastly different. 



More specifically, the TSPCD element may be 
a product available commercially as SYNDAX®, a 
TSPCD material in the form of a thin one-piece 
disc. The dimensions of the disc 172 may vary 
widely from a diameter of 2 to 3 mm to as much as 
50mm or more. The disc 172 is firmly chemically 
bonded to the support element 174 through the 
chemical bond formed through the coating applied 
to the disc 172 which in turn is bonded to the 
infiltrated or sintered material 175. 

The support 174 may be separately formed 
and the disc 172 and the material 175 may be 
assembled and processed as described. The result 
is the chemical bonding of a TSPCD to a prefor- 
naed support. The advantage is that the length, 
diameter and shape of the support is not limited by 
the size of the high pressure high temperature 
presses normally used to form STRATAPAX® 
types of products. The cost for making a product 
as shown and described in Figure 13 is less than 
that for the temperature sensitive product, but the 
advantage is the ability to form the support of 
essentially any length, as indicated by the break 
line 176, without requiring larger presses. This form 
of product has the advantage of being temperature 
stable up to about 1 ,200 degrees C. and may thus 
be infiltrated simultaneously with the formation of a 
supporting matrix, for example a matrix body for a 
drill bit. Alternatively, the product may be brazed 
into the bit body by the use of higher temperature 
brazing materials than have t>e6n heretofore used. 
It is also understood that the coated diamond may 
be brazed to a suitable support such as cemented 
tungsten carbide, and the like, since the braze joint 
is between the coating on the diamond and the 
support element. Since the diamond is temperature 
stable, higher melting point brazing alloys may be 
used as compared to those alloys which are used 
with diamond product which are not temperature 
stable, as herein defined. 

As illustrated in Figure 13. the side surface 178 
of the disc is free of sintered or infiltrated material. 
In the form illustrated in Figure 13a, the sintered or 
infiltrated material may cover the sides of the disc 
172a, as indicated at 179 for added strength. 

Figure 14 illustrates a structure in which one or 
more TSPCD elements 180 are affixed to a sup- 
porting body such that the back side 183 of the 
elements are in contact with the support body while 
the side faces are adjacent to each ottier or include 
a fully exposed side face, as indicated at 187. In 
this particular case, the support body may be a 
saw blade segment or a preformed and preshaped 
cutter for an earth boring bit. While the configura- 
tion of the product illustrated in this figure may 
appear similar to some of the illustrations of United 
States Patent 3,938,599 issued to Horn, there are 
significant differences. Unlike the Horn structure. 
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that of the present invention is chemically bonded 
to the supporting matrix carrier and is far stronger 
than a mere mechanical bond as described in the 
referenced patent, see also the data previously 
described. This strong bonding allows for the provi- 5 
sion of a variety of products. 

Thus, for example, Figure 15 illustrates a twist 
drill 190 having segments 192 and 194 mounted 
thereon. Segments 192 and 194 may be a TSPCD 
product in accordance with this invention contain- 70 
ing one or more TSPCD elements in a support 
structure. The drill bit may be of a 6,35 mm (1/4 
inch) or larger size. 

Figure 16 illustrates a form of the invention 
similar to that of Figure 13 wherein the TSPCD 75 
elements 200 are square in shape, although rectan- 
gular shapes and mixtures of geometrical shapes 
may be used. The TSPCD elements are bonded to 
each other through the material 201 and to the 
base 202, as described. The base may be of a 20 
shape other than square and may be of any length 
as indicated by the break line 205. 

Figures 17 and 18 illustrate a drill bit 220 in 
accordance with the present invention. The bit in- 
cludes a body 222, preferably of matrix material 25 
such as carbide, having a plurality of waterways 
225 associated with a plurality of blades 230. It is 
to be understood that in referring to the bit body as 
a matrix body, the matrix material of the bit body 
may be a relatively thin coating on a suitable 30 
support structure. The bit also includes nozzles 235 
for flow of fluid from the interior of the body to the 
waterways to cool and clean the bit. 

As shown in Figure 18. each blade includes a 
plurality of cutters 240 having a configuration as 35 
illustrated in Figure 2, for example. The cutters 240 
are mounted in the matrix body during infiltration of 
the body thus eliminating the need to braze the 
individual cutters into the bit body. As mentioned, 
each of the cutters, by virtue of the production 40 
thereof is temperature stable to 1,200 degrees C. It 
is understood that other cutter configurations in 
accordance with this invention may be used, for 
example that illustrated in Figure 10 or in Figure 
13, for example. It is also possible to provide 45 
cutters of selected geometry, e.g., quarter circles, 
half circles and the like. It is also possible to have 
temperature stable cutters which are larger in di- 
ameter than about 14mm. the usual maximum size 
for the STRATAPAX® brand products. 50 

Drill bit or core bit bodies may be of any of a 
number of types, as is known in the art. Thus, for 
example, stepped bit designs may be used with a 
significant cutter exposure, to mention only one 
variant. The ability to fabricate cutters to different 55 
desired geometries as may be needed for effective 
cutting action in various formations is now possible 
in accordance with this invention. 



One of the features of the present invention is 
the fact that a wide variety of shapes and sizes is 
possible in the provision of a temperature stable 
PCD assembly through the use of processing steps 
that do not involve the high temperature and high 
pressure regime used in the synthesis of PCD 
materials. 

Typical processing of TSPCD elements in ac- 
cordance with this invention is set forth in the 
following specific example, by way of illustration. 

Triangular temperature stable TSPCD elements 
of a size of 3 per carat were coated with tungsten 
metal to a thickness of about 6 urn. The powder 
used to form the matrix carrier was tungsten car- 
bide powder of 3 to 5 um particle size. About 
1,000 grams of this powder were completely and 
thoroughly mixed with a solution of 200 ml of 
hexane in which 20 grams of paraffin and mineral 
oil had been dissolved. The resultant mixture was 
heated to between 80 to 100 degrees C for 43 
minutes to evaporate the hexane completely. The 
processed powder was then ball milled, as de- 
scribed, for thirty minutes to break up the floc- 
culated powder and then screened through a 74 
um (200 mesh) screen. 

The tungsten coated TSPCD elements were 
arranged in a suitable hexagonal die and 4.5 grams 
of the processed tungsten carbide powder was 
placed in the mold to fill the space between the 
TSPCD elements and to cover them. The resulting 
assembly was then cold pressed at 14.06 kg/mm^ 
(20,000 psi) to form a hexagonal preform. 

The hexagonal preform was then loaded into a 
rubber mold which was then evacuated and sealed 
and then isostatically pressed at 20.39 kg/mm^ 
(29,000 psi). The resulting product was then 
ground to specific size. 

The isostatically processed hexagonal product 
was the placed on a crucible with 2.6 grams of a 
copper based alloy (Cu-Sn-Mn-Ni) on the powder 
side. The preform was then heated in a vacuum 
furnace (1,33*10-5 mbar (10 to the minus 5 torr)) 
at the rate of 5 degrees C per minute up to 400 
degrees C for one hour and then at 10 degrees C 
per minute to a temperature of 1160 degrees C for 
one hours for infiltration, later followed by cooling. 

Heating at a temperature over 1100 degrees C. 
for one hour is important because it is at this stage 
that tungsten carbide formation takes place. Typi- 
cally the tungsten carbide layer thus formed is 
atx)ut 3 um thick. 

If the preform is heated quickly to 1,000 de- 
grees C. and held for 1.5 hours, the formed tung- 
sten carbide layer is about 0.3 um thick. Heating to 
the carbide forming temperature at the rate of 10 
degree C. per minute may also be used. 

After the thermal cycle, the finished product is 
surface ground to a thickness of about 0.8 cm 
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(0.315 of an inch) and may be used. 

As a variant, cennented tungsten carbide grit 
(94% by weight of tungsten carbide bonded with 
6% by weight of cobalt, a commerciaily available 
• nnaterial) of 37 urn (4O0 mesh) size was mixed with s 
a solution of 2% by weight paraffin in hexane. 

It is within the scope of this invention to form 
the isostatically pressed part and then process that 
part so that it is simulataneously bonded to a 
supporting structure such as a matrix bit body or lo 
other support structure while effecting conversion 
lo the carbide layer described. For example, car- 
burized tungsten powder in the nominal size range 
of 3 to 5 um was ball milled with 1% by weight of 
nickel powder -44 um (-325 mesh) for one hour. 75 
The milled powder mixture was then mixed with a 
solution of 2% by weight of paraffin wax in hexane. 

The mixture was dried by heating and then the 
processed powders were used with triangular 
TSPCD elements, coated as already described, to 20 
form a much larger assembly, as described. The 
larger assembly was cold axially pressed and then 
isostatically pressed as described. The resulting 
product was a "green hexagonal cutter as shown 
in Figure 2. The green assembly was then heated 25 
to burn off the organic material and held at a 
temperature of 1 ,000 degrees C. for one hour. 

Thereafter, the processed green assembly, suf- 
ficiently strong to be handled was assembled to a 
matrix powder material in a mold. e.g. the matrix 30 
bit forming operation, and the matrix infiltrated at 
1,200 degrees C. During the matrix infiltration, the 
green assembly was bonded to the matrix and the 
coating was formed into the carbide layer. In this 
processing there was a strong bond between the 35 
metal binder of the matrix and that in the green 
assembly and t)etween the coating, powder and 
matrix supporting structure. Essentially the same 
processing may t^e used to form other products 
already described in or on a matrix carrier support 4o 
element. 

In those cases where it is contemplated that 
the product of the present invention is to be as- 
sembled to a matrix material supporting structure, 
such as a matrix body drill or core bit, it is desir- 45 
able to coat the product of this invention with a 
carbide forming material, as already described. 
Such processing has the advantage of of providing 
a coating, of the thickness described, which may in 
turn form a carbide layer for effective bonding to so 
the matrix carrier in which the part is to be moun- 
ted. The carbide layer may be formed by a sepa- 
rate preheating operation or by controlled heating 
during body matrix formation. 

The abrasive character of the products in ac- 55 
cordance with the present invention may be en- 
hanced somewhat by adding to the powder materi- 
als relatively small particles of diamond or TSPCD 



material in the form of particles having the approxi- 
mate size of the powders used. The volume per- 
cent of such diamond powders may be as high as 
40% and the resulting material is processed as 
already descril^ed with the bonding as already de- 
scritjed. The starting diamond material is preferably 
synthetic polycrystaltine diamond which is tem- 
perature stable although natrual diamond material 
may also be used in some instances. 

Claims 

1. A temperature stable synthetic polycrystalline 
diamond (TSPCD) product, having a tempera- 
ture stability up to about 1200 'C comprising 
at least one TSPCD diamond piece of a pre- 
determined geometrical shape and which is 
temperature stable up to about 1 200 • C, 

at least one surface of each said diamond 
piece being covered with an essentially uni- 
form coating of a metal which is a carbide 
former, obtained by chemical vapour deposi- 
tion (CVD), 

said coating having a thickness between 1 and 
lOumand 

said coating adjacent to its portion contacting 
said diamond piece including a thin carbide 
layer establishing a chemical bond between 
the diamond and said coating, 
a metal matrix carrier which metal matrix car- 
rier is in contact with at least a portion of said 
diamond piece bearing said coating, 
the portion of the metal matrix carrier contact- 
ing said coating establishing a metallurgical 
chemical bond between said metal matrix car- 
rier and said coating. 

2. The diamond product of claim 1 in which said 
coating includes at least one metal selected 
from the metals of Group IVA, VA, VIA, VIIA 
and alloys and mixtures thereof. 

3. The diamond product of claim 2 wherein the 
metal of said coating is tungsten. 

4. The diamond product of claim 1 wherein said 
metal matrix carrier is a sintered metal se- 
lected from the groups consisting of tungsten, 
nickel, tantalum, molybdenum, cobalt and sin- 
tered tungsten body infiltrated by a copper 
based alloy. 

5. The diamond product of claim 1 wherein said 
metal matrix carrier is selected from the group 
consisting of tungsten metal powder and the 
carbides of tungsten, titanium, tantalum and 
molybdenum. 
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